Abstract Statins decrease triglycerides (TGs) in addition to decreasing low density lipoprotein-cholesterol. Although the mechanism for the latter effect is well understood, it is still unclear how TG decrease is achieved with statin therapy. Because hypertriglyceridemia is common in obese patients with type 2 diabetes mellitus, we studied triglyceride-rich lipoprotein triglyceride (TRL-TG) turnover in 12 such subjects using stable isotopically labeled glycerol. The diabetic subjects were studied after 12 weeks of placebo and after a similar course of therapy with simvastatin (80 mg daily) in a single-blind design. The results were compared with those from six nonobese nondiabetic control subjects. Simvastatin therapy reduced serum TGs by 35% in the diabetic subjects. Compared with the control subjects, TRL-TG secretion was almost 2-fold higher in the diabetic subjects (45.4 6 4.9 vs. 24.4 6 1.9 mmol/min; P , 0.002) and was unaffected by simvastatin therapy. However, TRL-TG clearance was significantly increased in the diabetic subjects during simvastatin treatment compared with placebo (0.25 6 0.03 vs. 0.16 6 0.02 pools/h; P , 0.002). This change was accompanied by a 49% increase in preheparin plasma lipase activity (P , 0.03) and a 21% increase in postheparin LPL activity (P , 0.01). Together, these findings provide strong evidence that the effect of statins on serum TGs is related to an increase in LPL activity, resulting in accelerated delipidation of TRL particles. HMG-CoA reductase inhibitors, or statins, are widely used in diabetic patients and have been shown to decrease cardiovascular morbidity in individuals with type 2 diabetes (5, 6). The major effect of statins is a reduction in low density lipoprotein-cholesterol (LDL-C) concentrations, primarily mediated by inhibition of the rate-limiting step in cholesterol biosynthesis, resulting in an increase in LDL receptors in the liver (7). In addition, statins can reduce TGs and increase HDL-C (8, 9), all of which lead to a reduced risk for coronary heart disease (CHD) in patients with type 2 diabetes mellitus (5, 6, 10).
Disordered lipid metabolism is a hallmark of type 2 diabetes mellitus (1) . Increased delivery of FFAs to the liver leads to an overproduction of VLDL triglyceride (TG) (2, 3) that is the basis for the characteristic dyslipidemia (high TGs and low high density lipoprotein-cholesterol [HDL-C]) of type 2 diabetes mellitus (4) .
HMG-CoA reductase inhibitors, or statins, are widely used in diabetic patients and have been shown to decrease cardiovascular morbidity in individuals with type 2 diabetes (5, 6). The major effect of statins is a reduction in low density lipoprotein-cholesterol (LDL-C) concentrations, primarily mediated by inhibition of the rate-limiting step in cholesterol biosynthesis, resulting in an increase in LDL receptors in the liver (7) . In addition, statins can reduce TGs and increase HDL-C (8, 9) , all of which lead to a reduced risk for coronary heart disease (CHD) in patients with type 2 diabetes mellitus (5, 6, 10) .
The mechanism responsible for the TG-lowering effect of statins is poorly defined. In theory, it could be related to decreased VLDL production (presumably secondary to decreased availability of hepatic free cholesterol for particle assembly), increased clearance of VLDL through the LDL receptor (or other lipoprotein receptors), increased delipidation of VLDL particles via LPL, or a combination of these mechanisms. To address these questions, we determined triglyceride-rich lipoprotein triglyceride (TRL-TG, which is predominantly VLDL) production and clearance in subjects with type 2 diabetes mellitus and hypertriglyceridemia on placebo and high-dose simvastatin therapy (80 mg daily) for 12 weeks and in nondiabetic controls.
RESEARCH DESIGN AND METHODS

Study subjects
The study was approved by the Institutional Review Board of St. Luke's Hospital of Kansas City. Written informed consent was obtained from the subjects after the nature of the study was explained.
Six nondiabetic subjects with body mass indices of ,30 kg/m 2 (fasting TGs of ,150 mg/dl in five subjects, fasting TG of 203 mg/dl in one subject) and 12 obese subjects with type 2 diabetes mellitus and fasting hypertriglyceridemia (200-500 mg/dl) were recruited for these investigations. Individuals with serum creatinine of .1.5 mg/dl, alanine aminotransferase or aspartate aminotransferase of >23 the upper limit of normal, blood pressure of .170 mmHg systolic or .110 mmHg diastolic, a recent (within 3 months) cardiovascular event, or symptomatic cardiac disease were excluded. The antihyperglycemic therapies of the diabetic subjects were maintained throughout the study and included sulfonylurea (one subject), sulfonylurea plus metformin (three subjects), sulfonylurea plus thiazolidinediones (three subjects), metformin plus thiazolidinediones (one subject), sulfonylurea plus metformin plus thiazolidinediones (two subjects), insulin plus thiazolidinediones (one subject), and insulin plus metformin plus thiazolidinediones (one subject). Diabetes therapy was not altered during the trial. Only one diabetic subject was taking prescription lipid-lowering medication (atorvastatin, 40 mg twice a day) at the time of study recruitment. The medication was discontinued 4 weeks before beginning the study. Ten of the 12 diabetic subjects were on stable antihypertensive medication throughout the study. Two of the female diabetic subjects were taking oral estrogens, and one was taking an estrogen-progestin combination. One of the female subjects was taking a vaginal estrogen preparation every 2 weeks. Two diabetic subjects were taking thyroid hormone replacement. One of the control subjects took oral estrogen (prescribed for premature menopause) and replacement thyroid hormone throughout the study. Subjects were instructed to consume a lowfat diet.
Experimental protocol
Diabetic subjects received either simvastatin 80 mg daily or matching placebo for two 12 week periods in a single-blind crossover design. Consumption of a low-fat, low-cholesterol diet as recommended by the National Cholesterol Education Program was encouraged. The subjects received placebo first, followed by simvastatin. In the diabetic subjects, TRL-TG turnover studies were performed at the end of each treatment period. Control subjects were studied on one occasion only. Subjects were asked to refrain from alcohol consumption and vigorous exercise for 48 h before the study.
Subjects were admitted to the inpatient Clinical Study Unit at 4:00 PM on the day before the study. At 6:00 PM, a mixed meal (50% carbohydrate, 30% fat, and 20% protein) was given containing calories equal to one-third of energy requirements for weight maintenance, estimated at 1.35 3 basal energy expenditure (Harris-Benedict equation). At 8:00 PM, an infusion cannula was placed in a forearm vein and a retrograde cannula was placed in a contralateral hand vein; the hand was heated for sampling of arterialized venous blood. The three catheters were kept patent by controlled (15 ml/h each) infusions of 0.9% NaCl. Room lights were turned off at 10:00 PM. Care was taken to avoid disturbance of sleep during blood sampling. Subjects remained fasting until completion of the study the next day.
At 2:00 AM, 50 mmol/kg body weight [1,1,2,3,3-2 H 5 ]glycerol (Cambridge Isotope Laboratories, Andover, MA) dissolved in 0.9% saline was injected as a bolus. Blood samples were obtained before the injection of labeled glycerol to determine plasma substrate (glucose, fatty acids, total TGs, and TRL-TG) and background glycerol tracer-to-tracee ratio (TTR) in plasma and TRL-TG. Blood samples were taken at 5, 15, 30, 45, and 60 min, and then every 30 min for 6 h after the labeled glycerol injection, to determine the glycerol TTR in TRL-TG and total plasma TGs and TRL-TG concentrations. Subjects remained in bed for the duration of the study.
Sample analysis
Plasma glucose concentrations were determined on a centrifugal analyzer using a glucose oxidase method. Hemoglobin A 1c was determined by high-performance liquid chromatography on a Bio-Rad Variant instrument (Hercules, CA).
For determination of lipids and lipoproteins, blood was drawn into serum separator tubes. Serum total cholesterol, TG, and HDL-C were measured enzymatically on a Cobras Fara II (Roche) using enzymatic reagents and procedures standardized by the Lipid Standardization Program of the Centers for Disease Control and Prevention/National Institutes of Health and Pacific Biometrics Foundation (Seattle, WA) proficiency surveys. HDL-C was determined in the serum supernatant after precipitation of TRL and LDL with dextran sulfate-magnesium chloride as described by Warnick, Benderson, and Albers (11) . VLDL-C and LDL-C concentrations were determined by the Friedewald equation (12), or if TGs were .400 mg/dl, by h-quantification. In this procedure, the TRL fraction was isolated from whole serum by ultracentrifugation at 100,000 rpm for 2 h in a Beckman TL-100 using a TLA100.3 rotor. The VLDL layer was removed by aspiration, and the cholesterol content of the infranatant containing HDL and LDL was determined as described above. The LDL-C value was calculated by subtraction of the HDL-C previously measured from the infranatant cholesterol. VLDL-C was calculated as the total cholesterol minus the infranatant cholesterol.
For the TRL kinetic study, blood samples were collected in chilled tubes containing EDTA. Samples were placed in an ice bath, and plasma was separated by centrifugation (2,000 g at 4jC for 30 min) within 30 min of collection. Aliquots of plasma (2 ml) were refrigerated at 4jC for subsequent isolation of TRL. The remaining plasma samples were stored at À70jC until the final analyses were performed.
The TRL fraction was isolated by ultracentrifugation. Two milliliters of each plasma sample was transferred into Optiseal tubes (Beckman Instruments, Inc., Palo Alto, CA), covered with a saline solution (d 5 1.006 g/ml), and centrifuged in an ultracentrifuge (Beckman Instruments, Inc.) for 16 h at 100,000 g and 8jC. The top layer, containing TRL, was removed by tube slicing (Beckman Instruments, Inc.). The exact volume that was recovered (z1.3 ml) was recorded, and the samples were stored at À70jC until analyzed for TG concentration and the TRL glycerol TTR.
The TTR of glycerol present in TRL-TG was determined by GC-MS, as described previously (13) . After the TRL fraction was isolated from plasma, proteins were precipitated with ice-cold acetone, and lipids were extracted with hexane. The lipid extract was dried by Speed-Vac (Savant Instruments, Inc.), and the TG fraction was isolated by thin-layer chromatography and recovered by scraping. TGs were extracted with chloroformmethanol (3:1, v/v) and reacted with acetyl chloride in methanol to form fatty acid methyl esters. The liberated glycerol was derivatized with heptafluorobutyric anhydride and analyzed by GC-MS on an Agilent 5973N MSD equipped with an HP-5MS column, using electron impact ionization and monitoring ions at m/z 467 and 472.
LPL assays
Preheparin plasma lipase activity. Endogenous lipolytic activity was measured by incubating plasma with emulsified nonradioactive triolein and then determining the amount of oleic acid liberated by gas chromatography, as described previously (14) . Fasting blood was collected into heparinized tubes, and the plasma was separated and stored at À80jC. Substrate was prepared fresh daily with 200 mg of triolein and 5.68 ml of 90 g/l gum arabic in 50 mM NH 4 OH-NH 4 Cl buffer (pH 8.5) by sonication (series 4710 semi; Cole-Parmer Instrument Co., Chicago, IL). Then, 1.375 ml of 200 g/l BSA in buffer and 1.375 ml of the internal standard solution were added to the mixture. The internal standard solution was made in advance as follows. Heptadecanoic acid (13.525 mg) was dissolved in 10 ml of methanol and 1 ml of 10 M ammonium hydroxide, then dried under nitrogen. BSA (20 ml of 200 g/l in buffer) was added, and the mixture was sonicated at amplitude 40 for 2 h in an ice bath.
Plasma (100 ml), 880 mmol/l SDS solution (20 ml), buffer (180 ml), and substrate (0.5 ml) were added. Lipase activity was inhibited by the inclusion of 50 mg of NaCl and no SDS in control (blank) samples. The mixtures were vortexed and incubated for 2 h at 28jC. The TG hydrolysis reaction was terminated by adding 5.33 ml of methanol-chloroform-heptane solution (38.4:34.2: 27.4%) and 1.5 ml of 0.1 mol/l carbonate-bicarbonate buffer in 1 mol/l NaCl (pH 10.5). After shaking and centrifugation, the supernatant (containing nonesterified fatty acids) was transferred, and 0.5 ml of 0.5 mol/l HCl and 3 ml of hexane were added. The mixture was shaken vigorously and centrifuged at 3,000 rpm for 45 min. The supernatant was transferred and dried under nitrogen. Samples were methylated by adding 1 ml of boron trifluoride and heating at 100jC for 3 min. The methylated fatty acids were extracted by adding 2 ml of distilled water and 2 ml of hexane. The supernatants were dried under nitrogen and analyzed by GC (injection temperature, 200jC; oven temperature, 210jC) with a 30 m SP2330 capillary column (Supelco, Bellefonte, PA). The amount of liberated oleic acid was determined (after subtracting appropriate blanks), and activity was expressed as mmol oleic acid released/h/ml plasma. This assay was found to be linear with time over 4 h with substrate and with plasma (enzyme) concentration. Activity was inhibited by known LPL inhibitors such as NaCl (0.5 M), guanidine HCl (0.5 M), paraoxon (12 mg/ ml), and tetrahydrolipstatin (3 mg/ml) (unpublished data) and unaffected by freeze/thawing of plasma.
Postheparin LPL. Postheparin LPL activity was measured in plasma drawn 15 min after the injection of heparin (100 IU/kg body weight). The injection was given in the morning after an overnight fast 3 days after the TRL-TG kinetic studies. The substrate described above was added to 20 ml of a 1:1 mixture of postheparin plasma and buffer, 80 ml of human serum [as a source of apolipoprotein C-II (apoC-II)], and 200 ml of buffer. The blank included 50 mg of NaCl, 20 ml of 880 mmol/l SDS solution, and 180 ml of buffer instead of 200 ml of buffer. For the HL assay, 3.6 mol/l NaCl solution was used instead of buffer. The rest of the procedure was as described for the preheparin assay above. LPL activity was determined to be the difference between total lipase activity and HL activity, both corrected for blank activity.
Calculations
The fractional catabolic rate (FCR) of TRL-TG, which represents the fraction of the TRL-TG pool that disappeared from plasma per hour, was determined as the negative of the monoexponential downslope of TRL-TG glycerol TTR, as described previously (13, 15) . There was insufficient information to resolve tracer recycling from TRL-TG turnover using a compartmental model, because only 6 h of data were available (13) . Because plasma TRL-TG concentration remained constant throughout the 6 h sampling period, it was assumed that the rate of TRL-TG appearance was equal to the rate of TRL-TG disappearance. The calculations were TRL-TG secretion rate (mmol/min) 5 (TRL-TG FCR 3 C TRL-TG 3 PV)/60
where C TRL-TG is the concentration of TRL-TG in plasma and PV is the plasma volume, which was estimated based on each subject's body weight [PV 5 0.05 3 body weight (kg)]. PV was set equal to the TRL-TG volume of distribution, because TRL is assumed to be restricted to the plasma compartment. TRL-TG clearance is given in pools per hour.
Statistical analyses
Data are presented as means 6 SD or SEM when so noted. The statistical significance of mean differences between diabetic subjects and normal control subjects at baseline was determined using Student's t-test for independent samples. Differences within the diabetic patients on placebo and simvastatin were determined with a paired t-test. Statistics were calculated using the Microsoft Excel 2003 Data Analysis Package.
RESULTS
Baseline characteristics of the study subjects are given in Table 1 . Although diabetic male subjects were heavier than diabetic female subjects, the body mass index was similar between the two groups. Body weight did not change significantly during the study. Total cholesterol, VLDL-C, and TGs were greater in the diabetic subjects at baseline than in the controls (Table 1 ; P , 0.002). Simvastatin therapy was well tolerated by all diabetic subjects, with no major side effects. There was no significant change in glycemic control (hemoglobin A 1c = 8.3 6 1.4% on placebo and 8.5 6 1.4% on simvastatin) during the study.
Serum LDL-C was reduced by 49%, whereas VLDL-C and TGs were reduced by 33% and 35%, respectively, by simvastatin compared with placebo (P , 0.01). Serum HDL-C increased by 6% compared with placebo (P = 0.056). Values shown are means 6 SD. a P , 0.04, control subjects versus diabetic subjects. b P , 0.003, male versus female diabetic subjects. c P , 0.002, control subjects versus diabetic subjects.
There was no statistically significant difference in any of these parameters between male and female diabetic subjects or between diabetic subjects treated with thiazolidinediones and those not treated with these drugs. As shown in Fig. 1 , TRL-TG concentrations were in steady state during the study period. Mean TRL-TG was 120 6 34 mg/dl (mean 6 SEM) in controls, compared with 304 6 10 mg/dl in untreated diabetic subjects (P , 0.0001). Mean overnight TRL-TGs were reduced by approximately one-third to 209 6 7 mg/dl in the diabetic subjects when treated with high-dose simvastatin (P , 0.0001).
In the normal subjects, the FCR of TRL-TG was 0.28 6 0.13 pools/h. It was lower in the diabetic subjects at 0.16 6 0.07 pools/h, and increased to 0.25 6 0.10 pools/h with simvastatin treatment (not significantly different from control). Figure 2 shows the isotopic enrichment curves for each of the study groups over time. The TRL-TG secretion rate was 2-fold greater in diabetic subjects compared with controls (45.4 6 4.9 mmol/min vs. 24.4 6 1.9 mmol/min; P , 0.002) and unaffected by simvastatin (Fig. 3) . There was no difference between the male and female diabetic subjects, or between the diabetic subjects treated with thiazolidinediones and those not treated with these drugs (data not shown). However, the TRL-TG disappearance rate, which was lower in the diabetic subjects, was normalized with simvastatin therapy (13.3 6 1.3 ml/min on placebo, 20.6 6 1.7 ml/min on simvastatin; P , 0.003) (Fig. 4) . Serum TGs were highly inversely correlated with TRL-TG clearance rate (P , 0.01) (Fig. 5) but not with TRL-TG secretion.
Preheparin lipase and postheparin LPL activities did not differ significantly between the controls and the patients on placebo ( Table 2) . Treatment of the latter group with simvastatin, however, increased the former by 49% (P , 0.03) and the latter by 21% (P 5 0.01).
DISCUSSION
In this study, postabsorptive TRL-TG turnover rates were measured in untreated nondiabetic subjects and obese persons with type 2 diabetes mellitus on placebo and after treatment with high-dose simvastatin using a bolus injection of [ 2 H 5 ]glycerol. TRL-TG secretion rates were higher in diabetic subjects compared with controls, and this abnormality was not affected by high-dose simvastatin therapy. TRL-TG clearance was lower in the diabetic subjects and markedly improved with simvastatin therapy. In addition, lipase activity in both preheparin and postheparin plasma increased during treatment with simvastatin. These findings suggest that statins act to decrease serum TGs in diabetic subjects by improving TG clearance and stimulating intravascular TRL-TG lipolysis while not affecting TRL-TG production.
TGs may be increased in blood by overproduction of or altered clearance of the TGs and TG-rich lipoproteins. In type 2 diabetes, overproduction of TRL occurs (16) . Consistent with these findings, we found an increase of TRL-TG secretion in the diabetic subjects.
Previous work in small groups of subjects has suggested that TG lowering by statins could be attributable to either decreased production of VLDL particles, resulting from decreased availability of cholesterol or TGs for particle assembly, or increased catabolism of VLDL, resulting from either enhanced LDL (and perhaps other) lipoprotein receptor uptake or increased delipidation of VLDL particles by LPL (17, 18) . Such studies have generally assessed VLDL apoB rather than TRL-TG (17, 18) . The concurrent increase in TRL-TG clearance and increase in LPL activity observed in this study after treatment with high-dose simvastatin strongly support an increased removal of TGs from TRL as a major mechanism for the TG-lowering effect of high-dose statin therapy.
An alternative explanation of our kinetic studies could be offered if intrahepatic TG production is affected by therapy with high-dose simvastatin and if such newly synthesized TG is labeled and makes a significant contribution to TRL-TG appearance during the observation period. Animal and cell culture studies have shown either no effect (19) (20) (21) or an increase (19, 22, 23) in hepatic TG synthesis induced by statin therapy. In previous work validating our techniques, Patterson et al. (13) showed that the monoexponential slope and the model-derived FCR (which accounts for hepatic TG turnover) are essentially equal when the turnover rate is ,0.4 pools/h, which was the case in all but one of our studies. Furthermore, the finding of an increase in lipase activity in the diabetic subjects treated with simvastatin provides confirmatory evidence that the effects of the drug on TRL-TG are mediated by increased intravascular lipase-mediated TG clearance.
This major finding of our study is consistent with the recent report by Schneider et al. (24) that atorvastatin treatment (40 mg daily) increased LPL activity in diabetic subjects. Increased postheparin LPL activity has also been seen in subjects with familial combined hyperlipidemia treated with 10-40 mg/day simvastatin (25) , in CHD subjects treated with 10 mg/day simvastatin (26) , and in highfat/high-cholesterol-fed rabbits administered atorvastatin or simvastatin at 3 mg/kg/day (21) . Our data confirm and extend these observations by showing that statin treatment also increases TRL-TG clearance.
An increase in LPL activity has also been demonstrated with high-dose simvastatin, but not high-dose atorvastatin, in high-fat/high-cholesterol-fed rabbits, in spite of equal lowering of TGs by the two drugs (21) . The effect of atorvastatin on TG concentrations was thought to be attributable to an effect on hepatic VLDL synthesis, but a clear explanation for a difference between the two drugs in this rabbit model was not apparent. A similar increase in LPL activity has been seen in rats treated with simvastatin (27) . However, neither drug has been shown to affect postheparin LPL activity in normolipidemic rabbits (28) .
Other investigators have failed to demonstrate an increase in LPL activity in subjects treated with statins. Kobayashi et al. (29) assessed the effect of atorvastatin 10 mg daily in 21 Japanese hyperlipidemic subjects. Preheparin LPL Fig. 4 . TRL-TG clearance (means 6 SEM). ** P , 0.002, simvastatin-treated diabetic subjects versus placebo-treated diabetic subjects. (24) found that the atorvastatin-induced increase in LPL activity observed in their study accounted for only 37% of TG reduction. Therefore, they assumed that much of the effects of atorvastatin on serum TGs were on VLDL production rather than a decrease in VLDL-TG clearance. Atorvastatin has been shown to decrease VLDL apoB production in some (33) but not all (34, 35) studies in humans. Simvastatin has been shown to reduce VLDL production in normolipidemic subjects (36) . The effects of statins on TRL metabolism may be dependent upon the mechanism producing the abnormality (17) . The differences in LPL activity observed between therapy with simvastatin and atorvastatin may reflect methodological differences or differences in study populations. LPL activity has been reported to be low in patients with diabetes (37) . However, more recent studies (30, 38) have found normal LPL activity in diabetic patients, similar to the present study. Several potential mechanisms could explain a change in LPL activity during statin therapy. LPL activity can be modulated by alterations in apoC-II (a cofactor for LPL) or apoC-III (an inhibitor of LPL). Both simvastatin and atorvastatin treatment decrease apoC-III (39) (40) (41) . A decrease in apoC-II levels has been observed in subjects treated with 10-80 mg/day atorvastatin (40) . Interestingly, simvastatin has recently been shown to increase LPL activity and mRNA in rat heart and adipose tissue and to decrease apoC-III plasma levels and mRNA expression in the liver (42) . Similar results have been seen in cell cultures of 3T3-L1 cells using atorvastatin (42, 43) . Furthermore, recent work suggests that statins may activate peroxisome proliferator-activated receptor a, which would be expected to have positive effects on LPL activity (44) . Alternatively, statin-mediated depletion of cholesterol may cause a change in sterol regulatory element binding protein, which can bind to the LPL promoter and enhance gene transcription (45) .
The lack of effect of simvastatin on TRL-TG secretion is of interest. In a recent study on the kinetics of apoB-100 in nondiabetic subjects with mixed dyslipidemia, baseline hepatic VLDL production was higher and VLDL catabolism was lower relative to controls (18) . Specifically, the dyslipidemic subjects produced increased numbers of VLDL particles of normal composition. Treatment with 80 mg/day atorvastatin resulted in decreased VLDL apoB concentrations in some (indicating decreased VLDL production) but not all subjects. Nonresponding subjects had lower apoB production rates at baseline compared with responders. Delipidation of VLDL 1 to VLDL 2 was increased by atorvastatin treatment by 140%, consistent with the findings of our study. Such a process may make VLDL particles more amenable to receptor-mediated removal.
Recent work by Forster and associates (46) might be viewed as contradictory to our findings. Using trideuterated leucine, the investigators assessed the effect of atorvastatin (40 mg daily) or simvastatin (40 mg daily) on apoB metabolism in nondiabetic subjects with mixed dyslipidemia. The drugs had no effect on VLDL apoB production but increased the clearance of apoB in all its lipoprotein fractions (VLDL 1 , VLDL 2 , intermediate density lipoprotein, and LDL). VLDL 2 and intermediate density lipoprotein were found to be relatively TG-enriched. The authors postulated that the increased clearance of all of these particles is related to increased receptor-mediated catabolism, although they acknowledged that this hypothesis was not universally consistent with published data (47) . Important differences between our findings and those of Forster et al. (46) include our use of diabetic instead of nondiabetic subjects and the assessment of TRL-TG versus VLDL apoB (and other apoB-containing particles) kinetics. Delipidation of TG-rich particles may make them more susceptible to receptor-mediated clearance. It is possible that simvastatin altered the composition of the TRL particles in our study, rendering them a better substrate for LPL, rather than affecting LPL activity directly. Such an effect has been reported for v-3 fatty acids (48) . Studies in which particle number and composition are assessed simultaneously in the same subjects would shed further light on this possibility. Because we studied diabetic subjects, it is possible that apolipoprotein glycosylation has an effect on delipidation or receptor-mediated catabolism that may result in altered TRL metabolism (49, 50) .
Our findings support a rationale for combination therapy for patients with mixed dyslipidemia. Statins exert a well-known effect on LDL-C, and our data indicate that in addition they decrease high TG concentrations by increasing TRL-TG clearance. The latter mechanism can be viewed as complementary to agents that reduce TRL-TG secretion, such as niacin (51) and high-dose fish oil (52). Because it is quite possible that cardiovascular risk in patients with mixed dyslipidemia is mediated by both TRL (possibly by altering the size and density of LDL) and LDL itself, therapies that affect both lipoprotein species may provide greater CHD risk reduction than therapies that target either lipoprotein species alone.
Our study has several potential limitations. The diabetic subjects were older and more obese than the controls. It is possible that some of the differences between the two groups can be explained by differences in age and body fat, not diabetes. Ideally, subjects (diabetic and nondiabetic) should be studied while not taking lipid-modulating drugs. Some of our subjects were taking estrogens or thiazolidinediones. Although these agents are known to affect lipid levels, the subjects were on stable doses throughout the study. It is not known whether established estrogen or thiazolidinedione therapy could obscure or modulate the effect of statin treatment on lipid levels. Lastly, we only studied the effect of high-dose simvastatin. The effect seems consistent with complementary studies with moderately high-dose (40 mg daily) atorvastatin. It is possible that effects on TRL-TG metabolism may be different when using lower doses of statins. Our stable isotope method using monoexponential analysis is well standardized in normalweight and obese normolipidemic subjects but not in hypertriglyceridemic subjects (13, 15, (53) (54) (55) .
In summary, our study confirms that high-dose simvastatin therapy significantly decreases TRL-TG in obese diabetic subjects and indicates that this reduction appears to be attributable to increased TRL-TG clearance rather than to decreased production. The most likely cause is an increase in intravascular lipolytic activity. This action of high-dose statins may contribute to their ability to reduce CHD risk over and above their effects on LDL-C. 
